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[57] ABSTRACT

A hydrostatic anti-vibration system includes a main tank
provided on a construction to be suppressed from vibrating
and having a main tank body of substantially flat rectangular
configuration. Hollow vertical extensions extend upwardly
from peripheral edge portions of the main tank body and are

filled with a working liquid at a predetermined level with
upper air chambers maintained thereabove. Ducts commu-

nicate the upper air chambers of the hollow vertical exten-
sions. Intermediate tank portions are disposed at the inter-
mediate portions of respective ducts and contain a vibration
suppressing liquid. A pivotal plate is disposed in each of the
intermediate tank portions to separate the interior space of
the intermediate tank portion into a pair of chambers respec-
tively connected to corresponding portions of the duct. The
plate pivots in response to flow pressure of the vibration
suppressing liquid. A damping mechanism provides a resis-
tance against displacement of the pivotal plate.
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FIG. 1A
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HYDROSTATIC ANTI-VIBRATION SYSTEM
AND ADJUSTING METHOD THEREFOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a hydrostatic
anti-vibration system for suppressing vibration of a con-
struction utilizing motion of a hydraulic fluid filled in a tank.
The 1mnvention also relates to a method for adjusting an active

vibration frequency range to a natural period of the actual
construction.

2. Description of the Related Art

Such type of hydrostatic anti-vibration system has been
proposed in commonly owned Japanese Unexamined Patent
Publication No. 5-60173. A brief discussion will be given of
the prior proposed hydrostatic anti-vibration system with
retference to FIG. 8. As shown in FIG. 8, the hydrostatic
anti-vibration system generally comprises a tank 103 having
a lower tank portion 101 of essentially rectangular configu-
ration and hollow vertical extensions 102 extending

upwardly from respective of the four comers of the lower
tank portions 101. Water as an anti-vibration medium fills up

the entire volume of the lower tank portion 101 and further
fills the hollow vertical extensions 102 for approximately
half of their heights with upper air containing spaces main-
tained thereabove. The air containing spaces of respectively
adjacent hollow vertical extensions 102 are communicated
through four ducts 105. At intermediate portions of the four
ducts, intermediate tank portions 106 are defined. The inter-
mediate tank portions 106 are filled with water to a level

substantiaily equal to the level of water in the hollow vertical
extensions 102.

Partitioning plate 107 depending from the ceilings of the
intermediate tank portions 106 extend into the interior space
of each intermediate tank for dividing the upper portion of
the interior space of the intermediate tank, thereby defining
substantially U-shaped water communication paths. Rotary
shafts 108 are rotatably mounted on the lower ends of
respective partitioning plate 107 in horizontal orientation
along the lower edges of the partitioning plates. Pivotal
plates 109 are secured on the rotary shafts 108 for pivotal
movement with the rotary shafts in response to flow of the
water contained 1in the intermediate tank portions 106. Coil
springs 110 are provided between the partitioning plates 107
and the rotary shafts 108. The coil springs 110 exert a
biasing spring force to rotary shafts 108 for restricting rotary
motion thereof and thereby restricting pivotal motion of the
pivotal plates 109. By appropriately adjusting the spring
coeflicients of the coil springs 110, resistance against pivotal
motion of the pivotal plates 109 can be adjusted depending
upon the natural period (natural frequency) of the construc-
tion of which vibration is to be suppressed.

The hydrostatic anti-vibration system is installed on the
roof or top of the construction. According to vibration
induced on the construction, the water in the tank 103 causes
rocking motion. In this rocking motion, due to inertia
moments of the water, water coilides on the interior walls of
the tank 103 with a delay to the natural period or vibratory
phase of the vibration of the construction. According to the
rocking motion of water in the tank 103, the water level in
each hollow vertical extension 102 is varied, thus increasing
or decreasing the air pressure therein. Variation of the air
pressure in the air containing spaces of two adjacent of the
hollow vertical extensions 102 is introduced to opposite
sides of the substantially U-shaped water flow path in the
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respective intermediate tank portion 106, thus causing rock-
1ng water flow in such intermediate tank portion 106 along
such U-shaped flow path. Against the water flow thus
induced, the spring biased pivotal plate 109 serves to pro-
vide resistance. This resistance cancels vibratory energy of
the construction. With the construction set forth above, high
anti-vibration effect can be attained for horizontal bi-direc-
tional vibration with a relatively small size of the tank.
Furthermore, such hydrostatic anti-vibration system is
advantageous in comparison with a pendulum type anti-

vibration system by requiring no externally exposed
mechanically movable component. Furthermore, the tank

may serve as a reservoir for drninking water in the case of
Cmergency.

In the case where such anti-vibration system is desired to
operate as a hybrid type anti-vibration system by adding an
active driving device for a passive type operation system for

suppressing vibration of the construction more effectively, it
becomes necessary to make the natural frequency of the
anti-vibration system consistent with the natural period of
the construction. In practical implementation, the natural
frequency of the hydrostatic anti-vibration may be deter-

mined on the basis of an approximated value of the natural
period of the construction derived from calculation of con-

struction of the primary body thereof. Then, on the basis of
such natural frequency, the dimensions and volume of the
tank, the amount of water to be filled and so forth are
designed for the anti-vibration system. The anti-vibration
system 18 thus constructed on the roof or in the vicinity of the
top of the construction, according to the design thereof.

However, certain features of such prior proposed hydro-
static anti-vibration system need to be improved. Namely, in
the construction set forth above, since the hollow vertical
extensions 102 are provided at the four comners of the lower
tank portion 101 and four intermediate tanks 106 are pro-
vided for communicating between the four hollow vertical
extensions, the construction is complicated. Furthermore, it
18 possible to cause disturbance of the flow of the water by
horizontal bi-directional composite vibrations.

Also, since in such prior proposed construction the
respective upper spaces of the intermediate tank portions
106 separaied by the partitioning plates 107 are communi-
cated with respective corresponding adjacent air containing
spaces of the hollow vertical extensions 102, when a fluid
force 1s generated in the direction indicated by the arrow in
FiG. 8, for example, compression of the air is caused at the
air containing space of one of the hollow vertical extensions
102 (left side in the illustrated case). Compressed air is then
introduced into the communicated side of the upper space of
the intermediate tank portion 106. The air pressure thus
introduced can serve to suppress water flow in the interme-
diate tank portion 106 induced by the vibration of the
construction. In such case, both fluid forces serve to cancel
each other, thus causing the anti-vibration system to be not
effective in suppressing vibration of the construction.

In addition, since water in the tank 103 and water in the
intermediate tank portions 106 are separated completely,
each such respective water portion has to be managed
independently of the others, thus causing management of the
water levels to be cumbersome. Furthermore, water in the
hollow vertical portions 102 of the tank 103 and water in the
intermediate tank portions 106 may flow from one to the
other when large amplitude vibration occurs. In such case,
the water levels in the hollow vertical extensions and in the
intermediate tank portions can be varied to cause variation
of the anti-vibration characteristics. Therefore, at every
occasion of variation of the water levels in the hollow
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vertical extensions and in the intermediate tank portions,
adjustment of the water levels becomes necessary to main-
tain the desired anti-vibration characteristics. Furthermore,
the natural period of the construction varies delicately
depending upon variation of the weight of the construction
due to 1nterior construction, modification of the construction
design, changing of layout and so forth, in practice. There-
fore, in the sense of high precision, the natural period of the
construction cannot be determined until completion of con-
struction. Furthermore, even after completion of construc-
tion, the weight of the construction and weight distribution
therein are variable depending upon conditions of use of the
construction. Such variation of the weight or weight distri-
bution of the construction may cause variation of the natural
period. Thereby, the natural frequency of the anti-vibration
system, that is designed based on that of the construction,
may be out of the effective range in terms of anti-vibration
effect. As a solution for this, it may be possible to design the
anti-vibration system for accommodating such future pos-
sible variation of the weight and/or weight distribution of the
construction by adjustment of the water amount and the
internal pressure in the tank. However, even with this
measure, adjustment of the water amount and internal pres-
sure 1S very troublesome 1in practice.

SUMMARY OF THE INVENTION

In view of the drawbacks in the prior proposal, it is a first
object of the present invention to provide a hydrostatic
anti-vibration system which is simplified in construction and
has a greater ratio of the amount of water that is effective for
~ an anti-vibrative effect against a vibration in the horizontal
direction, relative to the overall amount of water in a tank.

A second object of the present invention is to provide a
hydrostatic anti-vibration system which can avoid mutual
cancellation of fluid forces, and wherein variation of air
pressure due to fluid forces in the main tank and an inter-
mediate tank are positively used for boosting the fluid force.

A third object of the present invention is to provide a
hydrostatic anti-vibration system which can constantly
maintain fluid levels in the main tank and the intermediate
tank at the same level and thus can achieve high stability of
anti-vibration characteristics.

A fourth object of the present invention is to provide a
hydrostatic anti-vibration system which can facilitate fine
adjustment of a natural frequency of the hydrostatic anti-
vibration system depending upon a natural period (natural
frequency) of a construction.

A fifth object of the present invention is to provide an
adjusting method for a passive anti-vibration system which
facilitates fine adjustment of the natural frequency of the
system depending upon the actual natural period of the
construction and which permits quick adjustment.

According to one aspect of the invention, a hydrostatic
anti-vibration system comprises:

a main tank provided to be on a construction to be
suppressed from vibration and having a main tank body
of substantially flat rectangular configuration, and hol-
low wvertical extensions extended upwardly from
peripheral edge portions of the main tank body and
filled with a working liquid at a predetermined level
with upper air chambers maintained thereabove;

ducts communicating with the upper air chambers of the
hollow vertical extensions;

intermediate tank portions connected to respective ducts
and containing a vibration suppressing liguid;
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a pivotal plate disposed 1n each of the intermediate tank
portions for separating the interior space of such inter-
mediate tank portion into a pair of chambers respec-
tively connected to corresponding of the ducts, said
plate pivoting in response to flow pressure of the
vibration suppressing liquid;

a damper for providing a resistance against displacement
of the pivotal plate; and

an external adjusting mechanism associated with the
damper for adjusting damping characteristics thereof
and thereby adjusting the natural frequency of the
anti-vibration system in relation to the natural fre-
quency of the construction.

In the preferred construction, the intermediate tank pos-
tions are arranged outside of the main tank in parallel. Also,
the ducts may be connected to the intermediate tank portion
so that the arrangement of the pair of chambers separated by
the pivotal plate may be in opposite phase to the arrange-
ment of the upper air chambers of the vertical extensions
connected thereto. In the alternative, the duct may be
connected to the intermediate tank portion so that the
arrangement of the pair of chambers separated by the pivotal
plate may be 111 the same phase to the arrangement of the
upper air chambers of the vertical extensions connected
thereto.

The hydrostatic anti-vibration system may further com-
prise a conduit communicating the main tank body and each
intermediate tank portion. Also, the hydrostatic anti-vibra-
tion system may further comprise as the adjusting mecha-
nism a threaded shaft perpendicularly connected to a rotary
shaft of the pivotal plate and a natural vibration frequency
adjusting pendulum threadingly engaged to the threaded
shaft for axial movement therealong.

According to another aspect of the invention, there is
provided a method for adjusting a hydrostatic anti-vibration
system including a main tank provided on a construction to
be suppressed from vibration and having a main tank body
of substantially flat rectangular configuration, and hollow
vertical extensions extended upwardly from peripheral edge
portions of the main tank body and filled with a working
liquid at a predetermined level with upper air chambers
thereabove, ducts connected to the upper air chambers of the
hollow vertical extensions, intermediate tank portions con-
nected to respective ducts and containing a vibration sup-
pressing liquid, a pivotal plate disposed in each of the
intermediate tank portions for separating the interior space
thereof into a pair of chambers respectively connected to the
corresponding ducts, the plate pivoting in response to flow
pressure of the vibration suppressing liquid, and a damper
for providing a resistance against displacement of the pivotal
plate. The method comprises the steps of:

measuring an actual natural period of the construction to
which the anti-vibration system is applied by vibration
measuring equipment;

adjusting an external adjusting mechanism provided for
the anti-vibration system for adjusting the natural
vibration frequency of the anti-vibration system,
depending upon the actual natural period of the con-
struction measured by the vibration measuring equip-
ment, to be consistent with the natural period of the
construction.

Preferably, the method further comprising the steps of:

setting the natural frequency of the anti-vibration system
depending upon a designed natural period of the con-
struction before completion thereof;

adjusting the natural frequency of the anti-vibration sys-
tem, after completion of construction to make the
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natural vibration frequency of the anti-vibration system
to be consistent with the actual natural period of
construction, by the external adjusting mechanism.

The external adjusting mechanism may include a threaded

shaft perpendicularly connected to a rotary shaft of the
pivotal plate and a natural vibration frequency adjusting

pendulum threadingly engaged to the threaded shaft for axial
movement therealong.

According to a further aspect of the invention, there is

provided a hydrostatic anti-vibration system comprising:

a main container mounted on a top portion of a construc-
tion to which an anti-vibration effect is to be applied,
and filled with a working liquid anti-vibration medium
for converting vibration energy transmitted to the main
container from the construction according to vibratory
motion thereof, into a reciprocating flow of the working
liquid anti-vibration medium in the main container for
generating a vibratory counter force against the vibra-
tion force exerted on the construction;

two pairs of pneumatic chambers defined in upper por-
tions of the main container, a first pair of the pneumatic
chambers being arranged for causing pressure variation
of pneumatic energy transmission medium therein in
mutually opposite directions in response to reciprocat-
ing flow of the working liquid anti-vibration medium in
a first direction, and second pair of the pneumatic
chambers being arranged for causing pressure variation
of pneumatic energy transmission medium therein in
mutually opposite directions in response (o reciprocat-
ing flow of the working liquid anti-vibration medium in
a second direction perpendicular to the first direction
and 1n a horizontal plane common therewith;

a first damping mechanism communicated with the first
pair of pneumatic chambers for damping pressure
variation 1in the first pair of pneumatic chambers and

thereby damping reciprocating flow of the working
liquid anti-vibration medium in the first direction;

a second damping mechanism communicated with the
second pair of pneumatic chambers for damping pres-
sure variation in the second pair of pneumatic chambers
and thereby damping reciprocating flow of the working

liquid anti-vibration medium in the second direction:;
and

an external damping force adjusting mechanism provided
externally to and cooperated with respective of the first
and second damping mechanisms for determining
damping characteristics thereof for adjustment of the
natural frequency of the anti-vibration system to a
natural {requency of the construction.

According to a still further aspect of the invention, a

hydrostatic anti-vibration system comprises:

a main container mounted on a top portion of a construc-
tion to which anti-vibration effect is to be applied, and
hilled with a working liquid anti-vibration medium for
converting vibration energy transmitted to the main
container from the construction according to vibratory
motion thereof into a reciprocating flow of the working
liquid anti-vibration medium in the main container for
generafing a vibratory counter force against the vibra-
tion force exerted on the construction;

two pairs of pneumatic chambers defined in upper por-
tions of the main container, a first pair of the pneumatic
chambers being arranged for causing pressure variation
of pneumatic energy transmission medium therein in
mutually opposite directions in response to reciprocat-
ing flow of the working liquid anti-vibration medium in
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a first direction, and a second pair of the pneumatic
chambers being arranged for causing pressure variation
of pneumatic energy transmission medium therein in
mutually opposite directions in response io reciprocat-
ing flow of the working liquid anti-vibration medium in
a second direction perpendicular to the first direction
and 1n common horizontal plane;

a first damping mechanism communicated with the first
pair of pneumatic chambers for damping pressure
variation in the first pair of pneumatic chambers and
thereby damping reciprocating flow of the working
liquid anti-vibration medium in the first direction;

a first phase reversing means for reversing a phase of
pressure variation between the first pair of pneumatic

chambers in the main container and the first damping
mechanism for accommodating a working liguid anti-

vibration medium originated pressure variation,
thereby for avoiding influence thereof on the anti-
vibration effect of the anti-vibration system;

a second damping mechanism communicated with the
second pair of pneumatic chambers for damping pres-
sure variation in the second pair of pneumatic chambers
and thereby damping reciprocating flow of the working

liquid anti-vibration medium in the second direction;
and

a second phase reversing means for reversing a phase of
pressure variation between the second pair of pneu-
matic chambers in the main container and the second
damping mechanism for accommodating a working,
liquid anti-vibration medium originated pressure varia-
tion, thereby for avoiding influence thereof on the
anti-vibration effect of the anti-vibration system.

According to a yet further aspect of the invention, a

hydrostatic anti-vibration system comprises:

a main container to be mounted on a top portion of a
construction to which an anti-vibration effect is to be
applied, and filled with a working liquid anti-vibration
medium for converting vibration energy transmitted to
the main container from the construction according to
vibratory motion of the latter into a reciprocating flow
of the working liquid anti-vibration medium in the
main container for generating a vibratory counter force
against the vibration force exerted on the construction;

two pairs of pneumatic chambers defined in upper por-
tions of the main container, a first pair of the pneumatic
chambers being arranged for causing pressure variation
of pneumatic energy transmission medium therein in
mutually opposite directions in response to reciprocat-
ing flow of the working liquid anti-vibration medium in
a first direction, and a second pair of the pneumatic
chambers being arranged for causing pressure variation
of pneumatic energy transmission medium therein in
mutually opposite directions in response to reciprocat-
ing fiow of the working liquid anti-vibration medium in
a second direction perpendicular to the first direction
and in a common horizontal plane;

a f{irst hydropneumatic damping mechanism communi-
cated with the first pair of pneumatic chambers for
damping pressure variation in the first pair of pneu-
matic chambers and thereby damping reciprocating

fiow of the working liquid anti-vibration medium in the
first direction;

a second hydropneumatic damping mechanism commu-
nicated with the second pair of pneumatic chambers for
damping pressure variation in the second pair of pneu-
matic chambers and thereby damping reciprocating
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How of the working liquid anti-vibration medium in the
second direction; and

conduit means for establishing a limited flow rate of
communication of the working liquid anti-vibration
medium between the main container and the first and
second hydropneumatic damping mechanisms.
According to a still further aspect of the invention, a
hydrostatic anti-vibration system comprises:

a main container to be mounted on a top poriion of a
construction to which anti-vibration effect is to be
applied, and filled with a working liquid anti-vibration
medium for converting vibration energy transmitted to
the main container from the construction according to
vibratory motion of the latter into a reciprocating flow
of the working liquid anti-vibration medium in the
main container for generating a vibratory counter force
against the vibration force exerted on the construction;

two pairs of pneumatic chambers defined in upper por-
tions of the main container, a first pair of the pneumatic
chambers being arranged for causing pressure variation
of pneumatic energy transmission medium in mutually
opposite directions in response to reciprocating flow of
the working liquid anti-vibration medium in a first
direction, and a second pair of the pneumatic chambers
being arranged for causing pressure variation of pneu-
matic energy transmission medium therein in mutually
opposite directions in response to reciprocating flow of
the working liquid anti-vibration medium in a second
direction perpendicular to the first direction and in a
common horizontal plane;

a first damping mechanism communicated with the first
pair of pneumatic chambers for damping pressure
vanation 1n the first pair of pneumatic chambers and
thereby damping reciprocating flow of the working
liquid anti-vibration medium in the first direction;

first phase reversing means for reversing a phase of
pressure variation between the first pair of pneumatic
chambers in the main container and the first damping
mechanism for accommodating a working liquid anti-
vibration medium originated pressure variation,
thereby avoiding influence thereof on the anti-vibration
effect of the anti-vibration system;

a second damping mechanism communicated with the
second pair of pneumatic chambers for damping pres-
sure variation in the second pair of pneumatic chambers
and thereby damping reciprocating flow of the working
liquid anti-vibration medium in the second direction;

second phase reversing means for reversing a phase of

pressure variation between the second pair of pneu-
matic chambers in the main container and the second
damping mechanism for accommodating a working

liquid anti-vibration medium originated pressure varia-
tion, thereby avoiding influence thereof on the anti-
vibration effect of the anti-vibration system; and

an external damping force adjusting mechanism provided
externally to and cooperated with respective of the first
and second damping mechanisms for determining
damping characteristics thereof for adjustment of the
natural frequency of the anti-vibration system to a
natural frequency of the construction.

According to a further aspect of the invention, a hydro-

static anti-vibration system comprises:

a main container to be mounted on a top portion of a
construction to which an anti-vibration effect is to be
applied, and filled with a working liquid anti-vibration
medium for converting vibration energy transmitted to
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the main container from the construction according to
vibratory motion of the latter into a reciprocating flow
of the working liquid anti-vibration medium 1n the
main container for generating a vibratory counter force
against the vibration force exerted on the construction;

two pairs of pneumatic chambers defined in upper por-

tions of the main container, a first pair of the pneumatic
chambers being arranged for causing pressure variation
of pneumatic energy transmission medium therein in
mutually opposite directions in response to reciprocat-
ing flow of the working liquid anti-vibration medium in
a first direction, and a second pair of the pneumatic
chambers being arranged for causing pressure variation
of pneumatic energy transmission medium therein in
mutually opposite directions in response to reciprocat-
ing flow of the working liquid anti-vibration medium in
a second direction perpendicular to the first direction
and in a common horizontal plane;

a first hydropneumatic damping mechanism communi-

cated with the first pair of pneumatic chambers for
damping pressure variation in the first pair of pneu-
matic chambers and thereby damping reciprocating
flow of the working liquid anti-vibration medium in the
first direction;

first phase reversing means for reversing a phase of

pressure variation between the first pair of pneumatic
chambers in the main container and the first damping
mechanism for accommodating a working liquid anti-
vibration medium originated pressure variation,
thereby avoiding influence thereof for anti-vibration
effect of the anti-vibration system;

a second hydropneumatic damping mechanism commu-

nicated with the second pair of pneumatic chambers for
damping pressure variation in the second pair of pneu-
matic chambers and thereby damping reciprocating
flow of the working liquid anti-vibration medium in the
second direction;

second phase reversing means for reversing a phase of

pressure variation between the second pair of pneu-
matic chambers in the main container and the second
damping mechanism for accommodating a working
ligquid anti-vibration medium originated pressure varia-
tion, thereby avoiding influence thereof on the anti-
vibration effect of the anti-vibration system; and

conduit means for establishing a limited flow rate of

communication of the working liquid anti-vibration
medium between the main container and the first and
second hydropneumatic damping mechanisms.

According to a yet further aspect of the invention, a
hydrostatic anti-vibration system comprises:

a main container to be mounted on a top portion of a

construction to which an anti-vibration effect is to be
applied, and filled with a working liquid anti-vibration
medium for converting vibration energy transmitted to
the main container from the construction according to
vibratory motion of the latter into a reciprocating flow
of the working liquid anti-vibration medium in the
main container for generating a vibratory counter force
against the vibration force exerted on the construction;

two pairs of pneumatic chambers defined in upper por-

tions of the main container, a first pair of the pneumatic
chambers being arranged for causing pressure variation
of pneumatic energy transmission medium therein in
mutually opposite directions in response to reciprocat-
ing flow of the working liquid anti-vibration medium in
a first direction, and a second pair of the pneumatic
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chambers being arranged for causing pressure variation
of pneumatic energy transmission medium therein in
mutually opposite directions in response to reciprocat-
ing flow of the working liquid anti-vibration medium in
a second direction perpendicular to the first direction on
a common horizontal plane;

a first hydropneumatic damping mechanism communi-
cated with the first pair of pneumatic chambers for
damping pressure variation in the first pair of pneu-
matic chambers and thereby damping reciprocating

flow of the working liquid anti-vibration medium in the
first direction;

first phase reversing means for reversing a phase of
pressure variation between the first pair of pneumatic
chambers in the main container and the first damping
mechanism for accommodating a working liquid anti-
vibration medium originated pressure variation,
thereby avoiding influence thereof on the anti-vibration
effect of the anti-vibration system;

a second hydropneumatic damping mechanism commu-
nicated with the second pair of pneumatic chambers for
damping pressure variation in the second pair of pneu-
matic chambers and thereby damping reciprocating

flow of the working liquid anti-vibration medium in the
second direction;

second phase reversing means for reversing a phase of
pressure variation between the second pair of pneu-
matic chambers in the main container and the second
damping mechanism for accommodating a working
liquid anti-vibration medium originated pressure varia-
tion, thereby avoiding influence thereof on the anti-
vibration effect of the anti-vibration system;

an external damping force adjusting mechanism provided
externally to and cooperated with respective of the first
and second damping mechanisms for determining
damping characteristics thereof for adjustment of the
natural frequency of the anti-vibration system to a
natural frequency of the construction; and

conduit means for establishing a limited flow rate of
communication of the working liquid anti-vibration
medium between the main container and the first and
second hydropneumatic damping mechanisms.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more fully from
the detailed description given, herebelow and from the
accompanying drawings of preferred embodiments of the
invention, which, however, should not be taken to be lim-
iting to the invention, but are for explanation and under-
standing only.

In the drawings:

F1G. 1A is a perspective view of a first embodiment of a
hydrostatic anti-vibration system according to the present
invention;

FIG. 1B is a section taken along line A—A of FIG. 1A.

FIG. 2A is a partial enlarged section of the first embodi-
ment of the hydrostatic anti-vibration system of FIG. 1B;

F1G. 2B is a section taken along line B—B of FIG. 2A;

FIG. 3 1s a section similar to FIG. 2A but showing a
modification of the first embodiment of the hydrostatic
anti-vibration system according to the invention;

FIG. 4 is a plan view of a second embodiment of the
hydrostatic anti-vibration system according o the present
invention;
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FIG. 5 i1s a plan view of a third embodiment of the
hydrostatic anti-vibration system according to the present
invention;

FIG. 6A is a plan view of the fourth embodiment of the
hydrostatic anti-vibration system according to the present

invention;
FIG. 6B is a section taken along line C—C of FIG. 6A;

FIG. 7 is a plan view of the fifth embodiment of the
hydrostatic anti-vibration system according to the present
invention; and

FIG. 8 is a sectional side elevation of the conventional
hydrostatic anti-vibration system.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The preferred embodiments of the present invention will
be discussed hereinafter in detail with reference to FIG. 1A

to FIG. 7. In the following description, numerous specific
details are set forth in order to provide a thorough under-
standing of the present invention. It will be obvious, how-
ever, to those skilled in the art that the present invention may

be practiced without these specific details. In other
instances, well-known structures are not shown in detail in

order to not unnecessarily obscure the present invention.

First Embodiment

FIGS. 1A and 1B show the first embodiment of a hydro-
static anti-vibration system according to the present inven-
tion. The anti-vibration system includes a main tank 1 and a
pair of intermediate tank portions 2 which are arranged in
opposition to each other across the main tank 1. Each of the
intermediate tank portions 2 is communicated with the main
tank 1 via a respective pair of communication ducts 3.

The main tank 1 comprises a flat rectangular main tank
body 4 and a holiow vertical extension 5 upwardly extended
from the peripheral edge of the main tank body 4 and
extending throughout the entire periphery thereof. There-
fore, the main tank 1 is constructed in generally rectangular
or dish-shaped configuration with a recessed central portion.
The tank 1 is adapted to be installed on the roof or top or so
forth of a construction or building. Water 6 as a working
fluid or anti-vibration medium fills the entire interior space
of the main tank, body 4 and is further filled to an interme-
diate height level of the vertical extension 5. Respective
pairs of portions of the vertical extension 5 positioned in
opposition to each other are adapted to serve for suppression
of vibration exerted in respective directions perpendicular to
the longitudinal directions thereof. Therefore, one pair of
portions of the vertical extension 5 suppresses vibrations in
rearward and forward horizontal directions, and the other
pair suppresses vibrations in left and right horizontal direc-
tions. Adjacent portions of the vertical extension 5 are
blocked from communication to each other so that the action
of the water for suppressing vibration in one horizontal
direction will not affect suppression of vibration in the other
horizontal direction. Respective portions of the vertical
extension 5 are closed at the top. Each pair of the portions
of the vertical extension 5 are communicated with one of the
intermediate tank portions 2 via the respective pair of
communication ducts 3 with respective hydropneumatic
damping mechanisms described below.

Each intermediate tank portion 2 is an enclosed tank with
a rounded lower half. A partitioning plate 7 is disposed
within the interior space of the intermediate tank portion 2
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depending from the ceiling thereot at the center portion so
that a substantially U-shaped water tlow path 1s defined in
the intermediate tank portion. Water 8 is filled in the
intermediate tank portion 2 to a level high than the lower end
of the partitioning plate 7. A rotary shaft 9 is rotatably
supported at the lower end of the partitioning plate 7 to
extend horizontally. The rotary shaft 9 is rigidly connected
to a pivotal plate 10 for pivotal movement within the
rounded lower half of the intermediate tank portion 2. The
pivotal plate 10 thus constructed pivots in response to
flowing motion of water 8 induced by vibration of the
construction. The rotary shait 9 extends from the interme-
diate tank portion 2. A coil spring 11 is disposed between the

extended end of the rotary shaft 9 and the stationary wall of
the intermediate tank portion 2 and forms a damper for
exerting a spring force for providing a resistance against
rotary motion of the rotary shaft 9.

As shown in FIGS. 2A and 2B, the rotary shait 9 is
rotationally supported by water tight seal bearings 12 pro-
vided at both sides of the intermediate tank portion 2. To the
exiended end of the rotary shaft 9 positioned outside of the
intermediate tank portion 2 is connected a threaded shatt 13
to depend perpendicularly from the rotary shaft 9. The
threaded shaft 13 carries a pendulum 14 which provides a
rotational inertia moment and a restoration force toward an
initial position. The pendulum 14 is threadingly movable
along the threaded shaft 13 for varying a lever ratio and
thereby varying the natural frequency. Fastening nuts 13 are
provided at both axial ends of the pendulum 14. With this
construction, at a stable condition, the threaded shaft 13
vertically depends from the rotary shaft 9 due to the mass
weight of the pendulum 14 to situate the pivotal plate 10 at
a position vertically depending from the rotary shaft 9. This
position of the pivotal plate 10 hereafter will be referred to
as the neutral position. When a vibration is caused in the
construction or building, a rocking motion is imparted to
water 6 and 8 in the main tank 1 and the intermediate tank
portions 2. A force thus is exerted on the pivotal plates 10
due to energy of flowing water, thereby to cause pivotal
movement of plates 10. The vibration frequency of each
pivotal plate 10 1s determined by a combination of the spring
coefficient of the respective coil spring 11 and the rotational
inertia force and restoration force to be induced by the
respective pendulum 14. This further determines the vibra-
tion frequency of the overall anti-vibration system.

Namely, the inertia moment to be generated on the
pendulum 14 is variable depending upon the axial position
thereof on the threaded shait 13. The inertia force thus
generated by the pendulum is combined with the resistance
against rotation of the rotary shaft 9 exerted by the coil
spring 11. For instance, when the pendulum 14 is positioned
close to the rotary shaft 9, the rotational inertia moment
become smaller so that the resistance against rotation of the
rotary shaft 9 becomes smaller, and when the pendulum 14
is positioned away from the rotary shaft 9, the rotational
inertial moment of the pendulum becomes greater to provide
greater resistance against rotation of the rotary shaft 9. The
natural frequency is variable depending upon the resistance
against the rotation of the rotary shaft 9.

The ducts 3 are connected to mutually opposing portions
of the vertical extension 5. Thus, the phases of rocking
motion of the water flow between the associated pairs of the
portions of the vertical extension 3 are mutually opposite.
By the arrangement of the ducts 3 illustrated in FIG. 1B, as
shown by the arrows, the direction of the fluid force of water
and the direction of compression ot air is serial throughout
the system, including through the substantially U-shaped
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flow path in the intermediate tank portion. Theretfore, can-
cellation of the fluid forces due to opposite phases of action,
as occur in the prior art, can be successfully avoided.
Furthermore, since motion of water portions 6 and 8 in the
main tank 1 and in the intermediate tank portion 2 are
synchronized with each other, a high anti-vibration effect
can be achieved with a small size system. Also, since the
vertically extending portion 5 is communicated to the main
tank body 4 along the peripheral edges of the latter in
mutually blocked fashion, flow of water 6 will be smooth so
that a large proportion of water 6 in the tank 1 will contribute
to the anti-vibration effect, even though the overall amount
of water contained in the main tank 1 is small. Theretore, the
same magnitude of anti-vibration effect can be attained with
smaller tank size, in comparison with the prior art.

FIG. 3 shows a modification of the foregoing first embodi-
ment of the hydrostatic anti-vibration system according to

the invention. In this modification, the rotational inertial
moment and the restoration force to be applied by the
pendulum 14 acts in a direction opposite to the direction of
the spring force of the coil spring 11. The threaded shaft 13
is extended vertically upwardly from the extending end of
the rotary shaft 9. The pendulum 14 is engaged to the
threaded shaft 13 for axial threading adjusted movement
therealong. Opposite axial ends of the pendulum 14 are fixed
by fastening nuts 15. The inertia force and restoration force
to be generated by the pendulum at the occurrence of
vibration 1s opposite to the direction of the spring force of
the coil spring 11. Therefore, such construction will permit
adjustment of the vibration frequency of the system by
shifting the pendulum 14 along the threaded shaft 13, and
thereby adjusting the counter force against the spring force.

Discussion now will be made of the manner of adjustment
of the anti-vibration system constructed as set forth above.
Initially, in the condition where the pendulum 14 is removed
from the threaded shaft 13, a vibration of the overall
construction or building is measured in the per se known
manner by means of not shown vibration measuring equip-
ment. The measuring equipment can detect fine vibration
(normal fine vibration) caused by wind or so forth even
when no substantial vibration due to earthquake and so forth
occurs. Since the measured vibration period is equal to the
natural period of the entire construction, the natural period
can be measured at any time.

Subsequently, the pendulum 14 is mounted on the
threaded shaft 13 and positioned at a position closest to the
rotary shaft 9. Then, by manually swinging the threaded
shaft 13 for free swinging motion, the vibration period is
again measured. Then, by shifting the axial position of the
pendulum 14 by threadingly shifting the fastening nuts 15,
measurement of the vibration period i1s measured repeatedly
at different axial positions of the pendulum 14. Thus, the
axial position of the pendulum 14, where synchromzation of
the pivotal motion of the pivotal plate 10 to the natural
period of the construction, can be established. Then, at the
synchronized position, it 1s confirmed with a vibration gauge
positioned at the top end of the construction or building that
the amplitude of the vibration of the construction becomes
minimum. Then, the pendulum 14 is fixed at the axial
position where synchronization is established by tightening
the fastening nuts 15. In addition, when the length of the
threaded shaft 13 is not enough to adjust the vibration
period, a different weight of pendulum 14 may be used so
that synchronization can be established within a range of the
adjustable stroke of the threaded shaft 13.

As set forth above, according to the embodiment con-
structed as set forth above, water 6 collides on a wall of the
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tank 1 with a delay to the natural period or vibratory phase
of the vibration of the construction. According to rocking
motion of water in the tank 1, the water level in each hollow

portion of vertical extension 5 is varied to increase or
decrease the air pressure therein. Variation of the air pressure
at each air containing space of each portion of the hollow
vertical extension § is introduced at both sides of the
substantially U-shaped water flow path in the respective
intermediate tank portion 2 to cause rocking water flow
along the U-shaped flow path thereof. Against the water flow
thus induced, the spring biased pivotal plate 10 serves to
provide resistance. This resistance cancels vibratory energy
of the construction. With the construction set forth above, a
high anti-vibration effect can be attained for horizontal

bi-directional vibration with a relatively small size of the
tank.

Furthermore, the displacement characteristics or flow
resistance characteristics of the pivotal plate 10 can be easily
adjusted by varying the axial position of the pendulum 14 or
by adjusting the spring coefficient of the coil spring 11. By
adjustment of the displacement characteristics of the pivotal
plate 10, the anti-vibration characteristics of the overall
system can be synchronized with the natural frequency of
the construction or the building. Also, the intermediate tank
portions 2 can be placed at any arbitrary positions. Further-
more, since the intermediate tank portion 2 can be placed
outside of the main tank, adjustment of the flow resistance
for the rotary plate 10 can be facilitated. In addition, since
two intermediate tank portions 2 are employed for obtaining
anti-vibration effect for two horizontal directions, the con-
struction of the anti-vibration system can be simplified.
Furthermore, since adjustment of the anti-vibration charac-
teristics against one direction of horizontal vibration can be
done by adjusting only one portion, adjustment of the
characteristics adapting to the vibration characteristics of the
construction or building becomes easier.

It will be appreciated that, while the coil spring 11 is a
primary element for producing resistance against pivotal
movement of the pivotal plate 10 and the pendulum 14 is
employed as an element for adjusting the anti-vibration
characteristics, it is possible to employ only pendulum 14 for
producing the resistance against pivotal movement of the
pivotal plate 10 and for adjustment of the anti-vibration
characteristics. Also, while the resistance against pivotal
motion of the pivotal plate 10 is provided by the coil spring
11, it is possible that the pivotal plate can be coupled with
an active drive such as a motor, hydraulic actuator and so
forth for actively suppressing vibration of the construction.

Second Embodiment

Next, discussion will be made of the second embodiment
of the hydrostatic anti-vibration system according to the
present invention. It should be noted that like reference

numerals to the foregoing first embodiment denote like
clements.

As shown 1n FIG. 4, two intermediate tank portions 2 are
positioned in the recessed central portion of the main tank
body 4 surrounded by the vertical extension 5. Two spaces
defined in each intermediate tank portion 2 by the respective
partitioning plate 7 are communicated with respective mutu-
ally opposing portions of the vertical extension 5 through
ducts 3 to cause fluid flow in reversed phases. Therefore, the
fluid forces in two spaces of one intermediate tank portion
2 are opposite in phase to the adjacent portions of the
vertical extension 5, thereby certainly avoiding mutual can-
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cellation. Since the intermediate tank portions 2 are arranged
on the main tank body 4, the length of the ducts 3 can be
shortened and the overall size of the anti-vibration system
can be made smaller.

Third Embodiment

FIG. 5§ shows the third embodiment of the hydrostatic
anti-vibration system according to the present invention.
'Two spaces defined in each intermediate tank portion 2 by
the respective partitioning plate 7 are communicated with
respective mutually opposing portions of the vertical exten-

sion 3 through the ducts 3 to cause fiuid flow in the same
phase.

Fourth Embodiment

FIGS. 6A and 6B show the fourth embodiment of the
hydrostatic anti-vibration system according to the invention.
Four vertical extensions § are provided at respective four
corners of the main tank body 4 in communication with the

latter. Four intermediate tank portions 2 are provided

between adjacent vertical extensions 5.

Fifth Embodiment

FIG. 7 shows the fifth embodiment of the hydrostatic
anti-vibration system according to the invention. The bottom
of the intermediate tank portion 2 and the main tank body 4
are communicated through a conduit 16 so that the water
levels 1in the vertical extensions 5§ and in the intermediate
tank portion 2 are constantly maintained equal. The diameter
of the conduit 16 is selected in such a manner that the water
tevels 1n the vertical extensions 5 and in the intermediate
tank portion 2 are equal in the static state, but that the
anti-vibration effect will not be affected, the small diameter
of the conduit 16 provides sufficient water flow restriction.
Even when water flows through the ducts 3 between the
main tank body 4 and the intermediate tank portions 2 to
cause a difference of the water levels due to large amplitude
vibration, water will flow through the conduit 16 to gradu-
ally equalize the water levels. With this construction, it
becomes unnecessary to manage the water levels in the main
tank body 4 and in the intermediate tank portions 5 to
maintain then at equal level. It should be appreciated that the
connection between the vertical extensions 5 and two spaces
deflned 1n the respective intermediate tank portion 2 may be
established in equal phase (as shown by solid lines) or in
reverse phase (as shown by broken lines).

Although the invention has been illustrated and described
with respect to exemplary embodiments thereof, it will be
understood by those skilled in the art that the foregoing and
various other changes, omissions and additions may be
made therein and thereto without departing from the spirit
and scope of the present invention. Therefore, the present
invention should not be understood as limited to the specific
embodiments set forth above but to include all possible
embodiments which can be embodied within a scope encom-
passed and equivalents thereof with respect to the feature set
forth 1n the appended claims.

What 1s claimed is:

1. A hydrostatic anti-vibration system comprising:

a main tank to be provided on a construction to be
suppressed from vibrating and having a main tank body
of substantially flat rectangular configuration, and hol-
low vertical extensions extended upwardly from
peripheral edge portions of said main tank body and
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filled with a working liquid to a predetermined level
with upper air chambers maintained thereabove;

ducts communicating with said upper air chambers of said
hollow vertical extensions;

intermediate tank portions connected to respective pairs
of said ducts and containing a vibration suppressing
liquid;

a pivotal plate disposed in each said intermediate tank
portion and separating an interior space thereof into a
pair of chambers connected to respective said ducts,
said pivotal plate pivoting in response to flow pressure
of said vibration suppressing liquid; |

a damper providing a resistance against displacement of
said pivotal plate; and

an external mechanism associated with said damper for
adjusting damping characteristics thereof and thereby
adjusting the natural frequency of said anti-vibration
system in relation to the natural frequency of the
construction.

2. A hydrostatic anti-vibration system as set forth in claim

1, wherein said intermediate tank portions are arranged
outside of said main tank in parallel.

J. A hydrostatic anti-vibration system as set forth in claim
1, wherein said pair of ducts of each said intermediate tank
portion are connected thereto so that the arrangement of said
pair of chambers thereof 1s opposite in phase to the arrange-
ment of said upper air chambers of said vertical extensions
connected thereto.

4. A hydrostatic anti-vibration system as set forth in claim
1, wherein said pair of ducts of each said intermediate tank
portion are connected thereto so that the arrangement of said
pair of chambers thereof is in phase to the arrangement of
said upper air chambers of said vertical extensions con-
nected thereto. |

5. A hydrostatic anti-vibration system as set forth in clai
1, further comprising a conduit communicating said main
tank body and each said intermediate tank portion.

6. A hydrostatic anti-vibration system as set forth in claim
1, wherein said external mechanism comprises a threaded
shaft perpendicularly connected to a rotary shaft of said
pivotal plate, and a natural vibration frequency adjusting
pendulum threadingly engaged to said threaded shaft for
axial movement therealong.

7. A method for adjusting a hydrostatic anti-vibration
system including a main tank provided on a construction to
be suppressed from vibrating and having a main tank body
of substantially flat rectangular configuration, and hollow
vertical extensions extended upwardly from peripheral edge
portions of said main tank body and filled with a working
liquid at a predetermined level with upper air chambers
maintained thereabove, ducts communicating with said
upper air chambers of said hollow vertical extensions,
intermediate tank portions connected to respective pairs of
said ducts and containing a vibration suppressing liquid, a
pivotal plate disposed 1n each said intermediate tank portion
and separating an interior space thereof into a pair of
chambers connected to respective said ducts, said pivot plate
pivoting in response to flow pressure of said vibration
suppressing liquid, and a damper providing a resistance
against displacement of said pivotal plate, said method
comprising the steps of:

measuring an actual natural period of said construction by
vibration measuring equipment;

adjusting an external adjusting mechanism provided for
said anti-vibration system, and adjusting the natural
vibration frequency of said anti-vibration system,
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depending upon said actual natural period of said
construction measured by said vibration measuring
equipment, to be consistent with said natural period of
said construction.

8. A method for adjusting a hydrostatic anti-vibration

system as set forth in claim 7, further comprising the steps
of:

setting the natural frequency of said anti-vibration system
depending upon a designed natural period of said
construction before completion thereof;

adjusting said natural frequency of said anti-vibration
system, after completion of said construction to make
said natural vibration frequency of said anti-vibration
system consistent with said actual natural period of said
construction, by said external adjusting mechanism.
9. A method for adjusting a hydrostatic anti-vibration
system as set forth in claim 7, wherein said external adjust-
ing mechanism comprises a threaded shaft perpendicularly
connected to a rotary shaft of said pivotal plate and a natural
vibration frequency adjusting pendulum threadingly
engaged to said threaded shaift for axial movement therea-
long.
10. A hydrostatic anti-vibration system comprising:

a main container to be mounted on a top portion of a
construction to which an anti-vibration efiect 1s to be
applied, said main container being filled with a working
liquid anti-vibration medium for converting vibration
energy transmitted to said main container from the
construction according to vibratory motion thereof into
a reciprocating flow of said working liquid anti-vibra-
tion medium in said main container for generating a
vibratory counter force against a vibration force exerted
on the construction;

two pairs of pneumatic chambers defined 1n upper por-
tions of said main container, a first pair of said pneu-
matic chambers being arranged for causing pressure
variation of pneumatic energy transmission medium
therein 1n mutually opposite directions in response to
reciprocating flow of said working liquid anti-vibration
medium in a first direction, and a second pair of said
pneumatic chambers being arranged for causing pres-
sure variation of pneumatic energy transmission
medium therein in mutually opposite directions 1n
response to reciprocating flow of said working liquid
anti-vibration medium in a second direction perpen-
dicular to said first direction and in a common hori-
zontal plane;

a first damping mechanism communicated with said first
pair of pneumatic chambers for damping pressure
variation in said first pair of pneumatic chambers and
thereby damping reciprocating flow of said working
liquid anti-vibration medium in said first direction;

a second damping mechanism communicated with said
second pair of pneumatic chambers for damping pres-
sure variation in said second pair of pneumatic cham-
bers and thereby damping reciprocating flow of said
working liquid anti-vibration medium in said second
direction; and

mechanisms provided externally to and cooperated with
respective of said first and second damping mecha-
nisms for determining damping characteristics thereof
for adjustment of the natural frequency of said anti-
vibration system to a natural frequency of the construc-
tion.

11. A hydrostatic anti-vibration system comprising:

a main contatner to be mounted on a top portion of a
construction to which an anti-vibration effect 1s to be
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applied, satd main container being filled with a working
liquid anti-vibration medium for converting vibration
energy transmitied to said main container from the
construction according to vibratory motion thereof into
a reciprocating flow of said working liquid anti-vibra-
tion medium in said main container for generating a

vibratory counter force against a vibration force exerted
on the construction;

two pairs of pneumatic chambers defined in upper por-
tions of said main container, a first pair of said pneu-
matic chambers being arranged for causing pressure
variation of pneumatic energy transmission medium
therein in mutually opposite directions in response to
reciprocating flow of said working liquid anti-vibration
medium 1n a first direction, and a second pair of said
prneumatic chambers being arranged for causing pres-
sure vanation of pneumatic energy transmission
medium therein in mutually opposite directions in
response to reciprocating, flow of said working liquid
anti-vibration medium in-a second direction perpen-
dicular to said first direction and in a common hori-
zontal plane;

a first damping mechanism communicated with said first
pair of pneumatic chambers for damping pressure
variation in said first pair of pneumatic chambers and
thereby damping reciprocating flow of said working
liquid anti-vibration medium in said first direction:

first phase reversing means for reversing a phase of
pressure variation between said first pair of pneumatic
chambers in said main container and said first damping
mechanism, thereby avoiding influence therein of a
working liquid anti-vibration medium originated pres-
sure variation on the anti-vibration effect of said anti-
vibration system,

a second damping mechanism communicated with said

second pair of pneumatic chambers for damping pres-
sure variation in said second pair of pneumatic cham-
bers and thereby damping reciprocating flow of said
working liquid anti-vibration medium in said second
direction; and

second phase reversing means for reversing a phase of
pressure variation between said second pair of pneu-
matic chambers in said main container and said second
damping mechanism, thereby avoiding influence
therein of a working liquid anti-vibration medium
originated pressure variation on the anti-vibration

etfect of said anti-vibration system.

12. A hydrostatic anti-vibration system comprising:

a main container to be mounted on a top portion of a
construction to which an anti-vibration effect is to be
applied, said main container being filled with a working
liquid anti-vibration medium for converting vibration
energy transmitted to said main container from the
construction according to vibratory motion thereof into
a reciprocating flow of said working liquid anti-vibra-
tion medium in said main container for generating a
vibratory counter force against a vibration force exerted
on the construction:

two pairs of pneumatic chambers defined in upper por-
tions of said main container, a first pair of said pneu-
matic chambers being arranged for causing pressure
variation of pneumatic energy transmission medium
therein in mutually opposite directions in response to
reciprocating flow of said working liquid anti-vibration
medium in a first direction, and a second pair of said
pneumatic chambers being arranged for causing pres-
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sure variation of pneumatic energy transmission
medium therein in mutually opposite directions in
response 1o reciprocating fiow of said working liquid
anti-vibration medium in a second direction perpen-

dicular to said first direction and in a common hori-
zontal plane;

a first hydropneumatic damping mechanism communi-
cated with said first pair of pneumatic chambers for
damping pressure variation in said first pair of pneu-
matic chambers and thereby damping reciprocating
flow of said working liquid anti-vibration medium in
said first direction;

a second hydropneumatic damping mechanism commu-
nicated with said second pair of pneumatic chambers
for damping pressure variation in said second pair of
pneumatic chambers and thereby damping reciprocat-
ing flow of said working liquid anti-vibration medium
in said second direction; and

conduit means for establishing a limited flow rate of
communication of said working liquid anti-vibration
medium between said main container and said first and
second hydropneumatic damping mechanisms.

13. A hydrostatic anti-vibration system comprising:

a main container {0 be mounted on a top pomon of a
construction to which an anti-vibration effect is to be
applied, said main container being filled with a working
liquid anti-vibration medium for converting vibration
energy transmitted to said main container from the
construction according to vibratory motion thereof into
a reciprocating flow of said working liquid anti-vibra-
tion medium in said main container for generating a
vibratory counter force against a vibration force exerted
on the construction;

two pairs of pneumatic chambers defined in upper por-
tions of said main container, a first pair of said pneu-
matic chambers being arranged for causing pressure
variation of pneumatic energy transmission medium

therein in mutually opposite directions in response to
reciprocating flow of said working liquid anti-vibration
medium in a first direction, and a second pair of said
pneumatic chambers being arranged for causing pres-
sure variation of pneumatic energy transmission
medium therein in mutually opposite directions in
response to reciprocating fiow of said working liquid
anti-vibration medium in a second direction perpen-
dicular to said first direction and in a common hori-
zontal plane;

a first damping mechanism communicated with said first
pair of pneumatic chambers for damping pressure
variation 1n said first pair of pneumatic chambers and
thereby damping reciprocating flow of said working
ltquid anti-vibration medium in said first direction;

first phase reversing means for reversing a phase of
pressure variation between said first pair of pneumatic
chambers 1n said main container and said first damping
mechanism, thereby avoiding influence therein of a
working liquid anti-vibration medium originated pres-
sure variation on the anti-vibration effect of said anti-
vibration systeim;

a second damping mechanism communicated with said
second pair of pneumatic chambers for damping pres-
sure variation 1n said second pair of pneumatic cham-
bers and thereby damping reciprocating flow of said
working liquid anti-vibration medium in said second
direction;

second phase reversing means for reversing a phase of
pressure varnation between said second pair of pneu-
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matic chambers in said main container and said second
damping mechanism, thereby avoiding influence of a
working liquid anti-vibration medium originated pres-
sure variation on the anti-vibration effect of said anti-
vibration system; and

mechanisms provided externally to and cooperated with
respective of said first and second damping mecha-
nisms for determining damping characteristics thereof
for adjustment of the natural frequency of said anti-
vibration system to a natural frequency of the construc-
tion.

14. A hydrostatic anti-vibration system comprising:

a main container to be mounted on a top portion of a
construction to which an anti-vibration effect is to be
applied, said main container being filled with a working
liquid anti-vibration medium for converting vibration
energy transmitted to said main container from the
construction according to vibratory motion thereof into
a reciprocating flow of said working liquid anti-vibra-
tion medium in said main container for generating a
vibratory counter force against a vibration force exerted
on the construction;

ftwo pairs of pneumatic chambers defined in upper por-

tions of said main container, a first pair of said pneu-
matic chambers being arranged for causing pressure
variation of pneumatic energy transmission medium
therein in mutually opposite directions in response to
reciprocating flow of said working liquid anti-vibration
medium in a first direction, and a second pair of said
pneumatic chambers being arranged for causing pres-
sure variation of pneumatic energy transmission
medium therein in mutually opposite directions in
response to reciprocating flow of said working liquid
anti-vibration medium in a second direction perpen-
dicular to said first direction and in a common hori-
zontal plane;

a first hydropneumatic damping mechanism communi-
cated with said first pair of pneumatic chambers for
damping pressure variation in said first pair of pneu-
matic chambers and thereby damping reciprocating
flow of said working liquid anti-vibration medium in
said first direction;

first phase reversing means for reversing a phase of
pressure variation between said first pair of pneumatic
chambers in said main container and said first damping
mechanism, thereby avoiding influence of a working
liquid anti-vibration medium originated pressure varia-
tion on the anti-vibration effect of said anti-vibration
system,

a second hydropneumatic damping mechanism commu-
nicated with said second pair of pneumatic chambers
for damping pressure variation in said second pair of
pneumatic chambers and thereby damping reciprocat-
g flow of said working liquid anti-vibration medium
in said second direction:

second phase reversing means for reversing a phase of
pressure variation between said second pair of pneu-
matic chambers in said main container and said second
damping mechanism, thereby avoiding infiuence of a
working liquid anti-vibration medium originated pres-
sure variation on the anti-vibration effect of said anti-
vibration system; and

conduit means for establishing a limited flow rate of
communication of said working liquid anti-vibration
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medium between said main container and said first and
second hydropneumatic damping mechanisms.
15. A hydrostatic anti-vibration system comprising:

a main container to be mounted on a top portion of a
construction to which an anti-vibration effect is to be
applied, said main container being filled with a working
liquid anti-vibration medium for converting vibration
energy transmifted to said main container from the
construction according to vibratory motion thereof into
a reciprocating flow of said working liquid anti-vibra-
tion medium in said main container for generating a
vibratory counter force against a vibration force exerted
on the construction;

two pairs of pneumatic chambers defined in upper por-
tions of said main container, a first pair of said pneu-
matic chambers being arranged for causing pressure
variation of pneumatic energy transmission medium
therein in mutually opposite directions in response to
reciprocating flow of said working liquid anti-vibration
medium in a first direction, and a second pair of said
pneumatic chambers being arranged for causing pres-

sure variation of pneumatic energy transmission
medium therein in mutually opposite directions in
response to reciprocating flow of said working liguid
anti-vibration medium in a second direction perpen-
dicular to said first direction and in a common hori-
zontal plane;

a first hydropneumatic damping mechanism communi-
cated with said first pair of pneumatic chambers for
damping pressure variation in said first pair of pneu-
matic chambers and thereby damping reciprocating
flow of said working liquid anti-vibration medium in
said first direction;

first phase reversing means for reversing a phase of
pressure variation between said first pair of pneumatic
chambers in said main container and said first damping
mechanism, thereby avoiding influence of a working
liquid anti-vibration medium originated pressure varia-
tion on the anti-vibration effect of said anti-vibration
system,

a second hydropneumatic damping mechanism commu-
nicated with said second pair of pneumatic chambers
for damping pressure variation in said second pair of
pneumatic chambers and thereby damping reciprocat-
ing flow of said working liquid anti-vibration medium
in said second direction;

second phase reversing means for reversing a phase of
pressure variation between said second pair of pneu-
matic chambers in said main container and said second
damping mechanism, thereby avoiding infiuence of a
working liquid anti-vibration medium originated pres-
sure variation on the anti-vibration effect of said anti-
vibration system;

mechanisms provided externally to and cooperated with
respective of said first and second damping mecha-
nisms for determining damping characteristics thereof
for adjustment of the natural frequency of said anti-
vibration system to a natural frequency of the construc-
tion; and

conduit means for establishing a limited flow rate of
communication of said working anti-vibration medium
between said main container and said first and second
hydropneumatic damping mechanisms.
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